Abstract "Guanxi" is a term in Chinese referring to the reciprocal nature of interpersonal relationships. Its attributes, which are specific to Chinese culture, have been the focus of recent literature. Whereas the impact of guanxi seems to be quite similar to that of general relationships, ties or connections, it is characterized by a number of different dimensions. In this paper, we studied 44 entrepreneurial companies in the pharmaceutical industry in China to examine these attributes in greater detail. We use a system dynamics model to simulate the influence of various guanxi variables -the strength, scale and structure of guanxi -on the development of entrepreneurial companies.
Introduction
According to the Global Entrepreneurship Monitor (GEM) project, entrepreneurial activities in China are the second-most prolific in the Asia Pacific/South Asia region. In fact, China is regarded as one of the most active countries in the world in the area of entrepreneurship (Xavier et al. 2013 ). The 2012 GEM Global Report also pointed out that entrepreneurial activities in China are characterized by a classic form of opportunity entrepreneurship. Personal networks represent an effective means for Chinese entrepreneurial companies to find and exploit potential opportunities (Kreiser et al. 2013; Patel and Terjesen 2011; Semrau and Werner 2013; Arregle et al. 2013) . The Chinese have a word, "guanxi", for these networks and the nature of the interpersonal relationships involved. The characteristics of these personal networks are the very reason guanxi has been such a necessary and important factor of production in the Chinese economy. A growing number of studies have shown that it is unavoidable for Chinese companies' entrepreneurial activities to be imbedded in a guanxi network Yeung and Tung 1996; Yu et al. 2013; Guo and Miller 2010; Liao and Sohmen 2001; Yang and Jiang 2010; Arribas et al. 2012; Puffer et al. 2010; Lovett et al. 1999; Yang and Wang 2011) .
Prior studies have already shown that guanxi, which plays a long-term role in the sustainable development of entrepreneurial companies, always co-evolves with them Troilo and Zhang 2012) . However, within the growing literature on entrepreneurial companies' guanxi, many different conclusions have been drawnsome of them at complete odds -with regard to its impact on company survival and development (Semrau and Werner 2013) . With regard to the question of what form of guanxi is most useful and valuable for the development of entrepreneurial companies, answers range from weak ties (Davidsson and Honig 2003) to strong ties (McNally 2011) or even mixed ties (Kotha and George 2012) . As for what kind of guanxi structure is most effective, answers include compact structure (Alcott and Christopoulos 2011) , loose structure (Walker et al. 1997) or comprehensive structure (Liao and Welsch 2003) . And finally, the right answers to the question of how many guanxi are actually effective for the development of entrepreneurial companies probably include both limited scale (Parker 2008 ) and limitless scale (Haggerty and Haggerty 2011) . It is therefore obvious that the role of guanxi in influencing development is complicated. In addition to questions about the development of entrepreneurial companies in certain industries, a number of other questions remain unanswered, such as: What are the changing rules for various attributes of entrepreneurial companies' guanxi? How do these guanxi attributes create value specifically in terms of company development? To examine these issues, we need to make some specific clarifications and create new models to fit the Chinese context.
As a matter of fact, the entrepreneurial companies' guanxi comprises comprehensive attributes, including strength, scale and structure. These attributes influence one another during the companies' development. By applying a dynamic view, along with social network theory and entrepreneurship management theory, this paper focuses on the role of guanxi in creating value during development from the point of view of its comprehensive attributes. This paper examines a group of entrepreneurial companies in the pharmaceutical industry in China from 1953 to 2012. It studies the changing rules of guanxi by examining the data generated from a questionnaire survey and modeling their development with system dynamics models. As opposed to similar research in the area, this paper is dedicated to measuring the guanxi in terms of its comprehensive attributes. It focuses on outlining the cross-effects of the guanxi attributes, simulating the overall influence of guanxi on entrepreneurial companies' development.
The article is organized as follows. "Theoretical background" section provides a review of the literature and our hypotheses. "Strength of the guanxi" section is devoted to describing the data and method. We present a dynamic feedback model of the coevolution of entrepreneurial companies' guanxi attributes and development in "Scale of the guanxi" section. And finally, we summarize our results.
Theoretical background
In China, guanxi is influenced and nurtured by Confucian culture and ideas (Gibb and Li 2003; Liao and Sohmen 2001; , embodied as "networks of informal relationships and exchanges of favors" (Lovett et al. 1999 ) and formed on the basis of "quanzi" (which also means "circle" or "cycle"), trust, dependency, responsibility, assurance, favors and understanding, thus possessing ethical and other attributes (Theingi and Phungphol 2008) . Although the importance of guanxi is debatable (Liao and Sohmen 2001; Yu et al. 2013) , most researchers agree that its evolution has played a crucial role in the development and expansion of entrepreneurial companies since it creates positive value for those companies. Guanxi can guide entrepreneurial companies in terms of: choosing suitable partners, obtaining useful information and complementary resources and capabilities (Pun et al. 2000; , recognizing entrepreneurial opportunities, accurately positioning themselves with regards to the needs of market development , and reducing uncertainty and risk in an unstable institutional environment Liao and Sohmen 2001; . Moreover, guanxi also serves as a governance function, which can reduce the negative influence on firm performance exerted by factors such as weak market-supporting institutions, the absence or imperfection of contractual property rights agreements and so on Boso et al. 2013 ).
Strength of the guanxi
The academic literature has not reached agreement on how strong guanxi should be or what kind of guanxi strength is most valuable during an entrepreneurial company's development. For example, Leung et al. (2006) propose that during their development process, entrepreneurial companies should establish strong ties as much as possible and prioritize those ties, since this means for them to find and hire high-level talent with common values and objectives. But this argument has been questioned in the literature. Zolin et al. (2011) , for instance, found that entrepreneurial teams formed with wellknown acquaintances (which would indicate strong ties) are helpful for the initiators in terms of formulating the work roles within entrepreneurial teams but not conducive to dismissing team members when necessary. Strong ties may therefore both increase and decrease human resource flexibility.
In their investigation of 241 companies in China, Sheng et al. (2011) found that when market demand is uncertain or technological turbulence is high, the guanxi established with government officials cannot create value for entrepreneurial companies. This result, too, has been called into doubt, however. Boso et al. (2013) proposed that entrepreneurial companies should build strong ties with government agencies and managers in other business organizations to help them achieve greater profits through both entrepreneurial and market-oriented efforts. It is thus evident that whether or not strong guanxi will positively influence the development of entrepreneurial companies, success is ambiguous and decided by various factors.
Scale of the guanxi
The scale of the guanxi is represented by an index indicating the range of connections a party has through guanxi , as defined by the number of direct links an entrepreneur or entrepreneurial company has with other agents (Arribas et al. 2012) . There is no agreement, as yet, in the academic literature on how a large range or scale of guanxi can better create value for entrepreneurial companies, since their choices about network scale are influenced by a number of factors, such as business type (Troilo and Zhang 2012; Arribas et al. 2012) , organizational characteristics (e.g., strategic capabilities and orientation, size and history) (Xin and Pearce 1996) , level of influence of network members and so on . Under normal circumstances, guanxi mainly existed in in-groups, but as time went by, it gradually expanded to out-groups , during the process of which the guanxi networks of entrepreneurial companies gradually transferred from personal networks to business networks at the firm and market level. If the guanxi network of an entrepreneurial company is only limited to personal guanxi, in most cases that company can only use existing knowledge and familiar methods to carry out its business activities. This obviously cannot meet the requirements of a complex entrepreneurial environment, thus impacting the entrepreneurial company's dynamic abilities (Peng 2003; Sheng et al. 2011; Hite and Hesterly 2001; Adler and Kwon 2002) . Against such a background, therefore, the scale of guanxi must be continuously expanded so as to obtain access to a variety of resources and thereby satisfy the dynamic need for resources (Semrau and Werner 2013) .
Structure of the guanxi
As early as the 6th century A.D. in China, Confucius had divided authority into different hierarchical structures. In interpersonal communications, family members are placed within a core level of guanxi, but relatives, classmates, colleagues, friends and acquaintances exist in a more distant layer, since the levels of trust vary . Guanxi, one of the major attributes of Chinese social networks, is also derived from various other types of relationship, including social, hierarchical and market relationships (Theingi and Phungphol 2008) . The structure of the guanxi also helps determine the overall guanxi status, related as it is to the emotional hierarchy, which includes the hierarchy in "renqing" 1 and overall acceptance level (Yang and Jiang 2010) . In our case, the renqing hierarchy mainly refers to the importance of past relationships with relatives, friends, colleagues, acquaintances and so forth, and the acceptance level reflects the degree of mutual recognition decided by the cultural and behavioral mode of guanxi. Similar to the viewpoint held in the field of sociology, Arribas et al. (2012) assume that the structure of the guanxi of entrepreneurs is not distributed randomly but rather has certain preferences. A compact or close-degree structure has already become one of the evaluative indexes for entrepreneurial companies' guanxi structure, which can reflect the maturity of the guanxi partnership (Yang and Jiang 2010) .
Hypotheses
Guanxi strength and entrepreneurial companies' development When the guanxi of an entrepreneurial company stems from strong ties, it may trigger unethical conduct that can negatively impact the company . In fact, any guanxi can bolster or damage a firm's profitability (Gibb and Li 2003; Pitt et al. 2006) and "network ties are critical in explaining variations in performance outcomes of strategic orientation activities in a less developed market" . When there are rent-seeking behaviors in the entrepreneurial companies' social networks, guanxi will limit the value created by the entrepreneurial companies (Minniti 2005) and even the value created by the companies' guanxi is bound to decrease. Rent-seeking behaviors often occur when there is strong guanxi. Therefore, during their development, it is necessary for entrepreneurial companies to consciously construct new guanxi in order to weaken the overall ties. As a result, the choice of guanxi with different strengths for promoting development depends on individual prerequisites, such as the companies' idiosyncratic organizational and institutional attributes . From the perspective of institutional theory, as legal and regulatory institutions gradually mature and business support systems gradually progress, network ties themselves become less important ). More specifically, after an industry becomes stable and mature and its entrepreneurial companies grow up, some network relationships are no longer important or strong (Semrau and Werner 2013) . According to the analysis above, we hypothesize:
Hypothesis 1a: From a long-term perspective, the strength of entrepreneurial companies' guanxi shows a decreasing trend.
From a market expanding perspective, the management, survival and development of a company were unceasingly promoted by guanxi . Now, the main, and typical, opinion holds that while strong ties are more helpful to entrepreneurial companies' survival, weak ties make more contributions to entrepreneurial companies' development (Bruderl and Preisendorfre 1998; Hite and Hesterly 2001; Stearns 1996) . Based on this conclusion, entrepreneurial companies should give priority to strong ties during start-up and weak ties during their growth phase. The entrepreneurial companies' development will depend more on weak guanxi and not strong guanxi. Guanxi strength is established based on mutual trust, interactions and reciprocity (Granovetter 1973) . When an entrepreneurial company's guanxi evolves from being strong during the survival stage to becoming weak during the development stage, it means the degree of mutuality will be smaller, the frequency of interactions will be lower and the extent of reciprocity will be less; at that point, the corresponding value created by the strength of the guanxi will also decrease. In other words, guanxi becomes weaker when entrepreneurial companies entered the stable stage. In turn, weak guanxi reduces the value increment, so companies must increasingly look for other methods to become more competitive and stronger (Semrau and Werner 2013) . According to the analysis above, we can hypothesize:
Hypothesis 1b: From a long-term perspective, guanxi strength positively influences the development of entrepreneurial companies.
Guanxi scale and entrepreneurial companies' development
To some extent, the relationship between entrepreneurial companies and their guanxi is a "chicken and egg question," since it is both possible that companies started their business because of abundant guanxi and that they started without much guanxi at the very beginning while expanding the scale of guanxi during their development process (Liao and Sohmen 2001) . Generally speaking, the larger the scale of the guanxi, the bigger the value it can create for entrepreneurial companies, because a large local network size increases the chances of survival for the new venture (Arribas et al. 2012) . Guanxi is seen as the key for entrepreneurial companies to attract resources (Semrau and Werner 2013) , especially as guanxi scale of entrepreneurs has a positive impact on the growth of entrepreneurial companies (Hansen 1995) . Given that the personal guanxi of an entrepreneur fails to meet the requirements of an entrepreneurial company, the guanxi of the company will no longer be confined to it. So, guanxi scale needs to be expanded Semrau and Werner 2013) . In this process, the guanxi of entrepreneurial companies transfers from personal guanxi to organizational and commercial guanxi (Schulze 2007) . The strategic development of entrepreneurial companies enhances their demand for resources, which in turn urges for guanxi. Related to strategic development, more guanxi shall be developed by entrepreneurial companies.
Hypothesis 2a: From a long-term perspective, guanxi scale continues to increase.
Extant theoretical and empirical research has shown that the influence of guanxi scale on entrepreneurial companies is limited. When guanxi scale reaches certain point, the newly developed guanxi probably becomes a burden for entrepreneurial companies. At this point, the marginal benefit of guanxi scale decreases. So, at this stage, entrepreneurial companies shall gradually reduce their dependence on guanxi scale to attract resources, and increasingly turn to other methods to increase their value (Semrau and Werner 2013) . As a matter of fact, when entrepreneurial companies possess rich management skills or continually improve their technological skills, their need for guanxi networks becomes lower . It is also possible that small firms prefer to cultivate various kinds of guanxi to compensate for institutional and competitive disadvantages, while large firms lack the motivation to establish guanxi with competitive forces since they enjoy government protection . So, it can be concluded that the "effective guanxi scale" (the number of guanxi needed to function effectively) is not necessarily bound to expand during an entrepreneurial company's long-term development, but entrepreneurial companies must invest in a minimum level of guanxi (Arribas et al. 2012) and endeavor to cultivate and expand a viable guanxi network (Yeung and Tung 1996; when they are not sure about the optimal guanxi scale. According to the analysis above, we hypothesize:
Hypothesis 2b: From a long-term perspective, below a critical value, the development of an entrepreneurial company is positively related to guanxi scale, however above a critical value, there is no relationship with the guanxi scale.
Guanxi structure and entrepreneurial companies' development Guanxi structure is usually established on the basis of past contacts or recommendations from acquaintances. Guanxi networks are usually manifested in multidivisional structures, as shown by Lin (1999) and Boso et al. (2013) . Therefore, members engaged in guanxi of entrepreneurial companies are at different level of hierarchy and have different positions in the guanxi structure. Changes can be observed at positions and roles of members in guanxi during the development process of the company (Rosenkopf and Schilling 2007) . There is some evidence showing that for nascent companies, the denser the guanxi structure, the higher possibility companies will become a success (Yang and Jiang 2010; Chen 2011 ). In addition, it has been proposed that the guanxi structure of companies is denser in the early development stage. When companies' guanxi structure fully develops, some members will become useless (Semrau and Werner 2013) . At this stage, companies tend to have less guanxi in order to save the construction and maintenance cost of guanxi. Consequently, guanxi structure becomes sparse. Based on the argument developed above, we propose the following hypothesis:
Hypothesis 3a: From a long-term perspective, guanxi structure shows first an increasing and later a decreasing trend. Yang and Jiang (2010) concluded that the extent of the guanxi structure exerts a positive influence on the rate of resource contribution in an entrepreneurial network, and the greater the degree of guanxi, the greater that of operational connection. Based on the position that compact guanxi works better for promoting the development of entrepreneurial companies, further suggest that, as a kind of loosely structured network, guanxi can efficiently facilitate economic exchanges and overcome the drawbacks of administrative intervention from the Chinese government. Compact network structure always corresponds to strong network ties, and loose network structure corresponds to weak network ties (Granovetter 1973 (Granovetter , 1985 . It's true in the case of guanxi networks, and network closure represents strong ties in the network (Kreiser 2011) . When more and more guanxi members try to enter into the entrepreneurial companies' relatively small network structure, network closure will obviously increase and this will help the entrepreneurial companies' development. At the same time, when the guanxi structure reaches a certain scale, some guanxi members become redundant (Semrau and Werner 2013) . Then the proportion of strong ties will decrease and the function of the entire guanxi structure for the entrepreneurial companies will also decay. According to the analysis above, we suggest:
Hypothesis 3b: From a long-term perspective, the influence of guanxi structure on the development of entrepreneurial companies shows a U-shaped trend.
Data and methodology

Sample and data collection
In this study, we focus on a sample of Chinese firms, active in the pharmaceutical industry. Compared with the effect of guanxi in some other industries or countries, the Chinese pharmaceutical industry has its own characteristics in terms of strength, scale and structure attributes (Orsenigo et al. 2001; Powell 1996; Powell et al. 1996; Staropoli 1998 ). The pharmaceutical industry contains numerous actors and these actors all have complex guanxi between them, thus dictating the formation and evolution of the guanxi networks (Wang et al. 2009 ). Based on a typical pharmaceutical supply chain, the members in the companies' guanxi include: primary manufacturing companies, secondary manufacturing companies, market warehouse/distribution centers, wholesalers, retailers/hospitals and patients (Shah 2004) . Our samples of entrepreneurial companies in the pharmaceutical industry are taken from members of the Pharmaceutical Association in Hubei Province, China, and the main entrepreneurial companies supported by Hubei S & T Bureau (as listed in Appendix 1). These two institutions helped us complete the questionnaire survey. For this study, we only selected entrepreneurial companies in existence for more than 10 years that have formed stable guanxi networks. The respondents therefore had more experience with and awareness of guanxi, which enabled us to analyze changes that had taken place during the period from their start-up through to present-day. These companies represent the most comprehensive information available on the progress of entrepreneurship and growth in the pharmaceutical industry. One of the key advantages of our sample is that these are all typical entrepreneurial companies and their guanxi management has proven to be effective and successful.
The biggest difficulty of the system dynamics model is checking the scientific formulas and obtaining reasonable data (Freeman et al. 2011) . We combined the mainstream concepts from prior studies so as to accurately acquire the basic data for the parameters in our system dynamics model (as shown in Appendix 2). After the questionnaire was handed out, we held a consultation meeting for the purpose of collecting data by interviewing presidents, marketing managers or customer managers from each pharmaceutical company, who were invited because they were considered to have more experience with, better recognition of and deeper insight into the companies' guanxi.
One pharmaceutical company will often have a wide range of products and various guanxi members. To simplify the question, we mainly studied the guanxi in the pharmaceutical companies' core product sector, which included hospitals, pharmacies and other institutions that interact with patients directly. In addition, we defined the meaning of guanxi strength, guanxi scale, guanxi structure and guanxi value for the entrepreneurial companies in the pharmaceutical industry and explained them to the respondents.
We derived our observed items from the literature review, but to confirm our basic judgments and find out whether they fit the reality of entrepreneurial companies in the pharmaceutical industry, we needed the opinions of actual entrepreneurs. Participants were given about 30 min to complete a semi-open questionnaire. The participants had to fill in the questionnaire independently which is very useful for setting up equations. This process was divided into two steps. The first step involved selecting 17 entrepreneurial companies to answer the questions. Then we made an initial simulation. The results from the pharmaceutical companies confirmed that the evolution tendency can reflect the dynamic change in their social network. Based on the first step, we expanded the number of respondents and organized a new, more formal, questionnaire survey.
Some answers to the questionnaire could be obtained from customer records and financial statements. By consulting their customer records, the respondents could easily provide all the necessary information about the scale of guanxi, for example the number of network relationships and the tendency for those relationships to change with key customers and potential customers. We can also discover through this how many customers one particular customer might introduce to the company and how long a particular guanxi member cooperates with a particular company. By consulting their financial statements, the respondents could provide direct information about the value of the guanxi, such as the increased or decreased value caused by guanxi and the average value of each guanxi member. The questionnaire also contained some questions that the respondents could not answer based on their company's records but had to answer subjectively. These questions are shown in Table 1 .
We sent letters of invitation for face-to-face interviews to 51 entrepreneurial companies working in the pharmaceutical industry in Hubei Province. We received 47 responses, 44 of which were satisfactory: the remaining 3 were unable to provide customer information to support their answers. The rate of effective responses is approximately 86.3 %. The details for the respondents are listed in Appendix 1. The descriptive statistics for all of the variables and corresponding questions are reported in Table 1 .
Method
In the study, system dynamics are used as a method. The objectives of system dynamics is to build models based on computer simulation that enable us to examine in depth the interdependence, the interaction and the cause-and-effect relationships of dynamic systems (System Dynamics Society 2013). A behavioral framework was developed in order to analyze and understand the system as a whole (Zhang et al. 2013 ). This framework includes as building blocks a variety of flowcharts, a system of equations, and a simulation platform (Zhang et al. 2014) . It is aimed at predicting future behavior of complex systems (Jeon and Shin 2014) .
Throughout an entrepreneurial company's growth, the strength, scale and structure of the guanxi and its corresponding value vary greatly, with these variables all influencing one another dynamically and continuously (McNally 2011; Lechner et al. 2006 ). If we want to chart the evolution in the guanxi of entrepreneurial companies, we must study it from the point of dynamic simulation Weber and Weber 2011) . This paper uses the system dynamics modeling software designed by Vensim™ to build a model for doing so. With the aid of this software, with the limiting conditions designed in advance, we were able to accurately reveal the dynamic rules of guanxi in influencing the development of entrepreneurial companies through system simulation. As there is some tradition in using system dynamics based on Vensim™ to explore factors explaining the development of complex systems (Eberlein and Peterson 1992) , this software has been used to study the dynamic rules of guanxi. We followed the research design (outlined below in Fig. 1) which put a great level of emphasis on expert opinions gathered from industry participants (see left part of the figure "Consultation meeting") and was aimed at verifying assumptions in the model based on survey results among these participants (see "questionnaire"). The findings from the literature have been used to design a questionnaire, which allowed us to design Fig. 1 The process to obtain scientific formulas and constants the systems model, to introduce the appropriate formulas and to adjust the parameters in the model. The flowchart provides an overview on how the sample and the variables were selected. In addition, it provides insights to the extent we used for the design of the model information gained from the questionnaire research. This allowed us to show that the selection of the variables and questionnaire design can be considered as appropriate and produce valid results.
A dynamic feedback model of the evolution of guanxi in entrepreneurial companies' development
The pharmaceutical industry is always in dynamic evolution because the conditions of opportunity and advantages of emerging pharmaceutical ventures influence the nature of pharmaceutical R & D activities, organizational capabilities and patterns of industry evolution (Galambos and Sturchio 1996; Henderson et al. 1999) . At the same time, collaborative networks among pharmaceutical firms and other institutions always evolve with industrial innovation activities. In order to dynamically study the role of guanxi in influencing the development of entrepreneurial companies in the pharmaceutical industry in China, we focused specifically on hospitals and drug stores. In our models, all of the variables pertaining to the attributes of guanxi, including strength, scale and structure, are embodied as different attributes of the entrepreneurial pharmaceutical companies' guanxi with hospitals and drug stores. Most models for entrepreneurial firms start from the assumption that firm evolution is related to the learning processes within the firm and active interaction with its environment (Schutjens and Stam 2003) . The evolution of entrepreneurial companies' guanxi has a similar learning effect and is determined by the comprehensive interaction of guanxi attributes.
As entrepreneurial companies develop, the attributes of guanxi, such as strength, A strength (t), scale, L scale (t), and structure, L structure (t), will change accordingly (McNally 2011; Yu et al. 2013; Wang et al. 2009; Orsenigo et al. 2001) . They interact with one another and ultimately determine the sales derived from guanxi, L sales (t), and the impact guanxi has on the survival and development of the entrepreneurial companies. Scholars have not reached consensus as to whether strong or weak ties play a greater role, but they generally recognize that the degrees of strong or weak ties are affected by mutual trust (Semrau and Werner 2013) , interactions (Lee and Tsang, 2001; Kreiser et al. 2013) and reciprocity (Lockett et al. 2006) , which are indicated in the model as a mutual trust factor, A trust (t), an interactions factor, A int eractions (t), and a reciprocity factor, A reciprocity (t), respectively. Therefore, we get the formula:
Mutual trust represents the degrees of constant, transmittable and tacit trust between each agent when an entrepreneurial company and its guanxi members engage in credible, strong and extensive commitment (Kreiser et al 2013) . As long as the guanxi members remain close, to a certain degree, to the entrepreneurial company and in the core layer of the company's guanxi network (it's an ideal state), then they can trust one another (Semrau and Werner 2013) . But when the guanxi members are farther away from the entrepreneurial company and there are fewer and fewer members in that core layer, the mutual trust factor also decreases. According to the critical conditions, we get:
Interactions represent the effects the entrepreneurial companies' guanxi structure has on the frequency of formal or informal association and on the contact between the internal individuals of the companies' guanxi members . When the range or scale of the entrepreneurial companies' guanxi network is very small, they communicate with each other often . But when the guanxi scale expands rapidly and the needs and behavior characteristics become more various and complicated, then the frequency of communication decreases and the mutual trust factor will be lower. More particularly, when the guanxi scale expands to a certain number, c scale , the interaction factor goes to 0. According to the critical conditions, we get:
Reciprocity represents the benefits that both entrepreneurial companies and their guanxi members can earn from the guanxi network . For the guanxi members, when the mutual return from the guanxi network increases to a certain number, c value , the reciprocity factor becomes 1. According to the critical conditions, we get:
When strong ties reach a certain degree, or the strong ties take priority in the guanxi network, with possibly a maximum number, c potential , there is a certain barrier to entering the guanxi network and the potential guanxi scale, A potential , is relatively smaller. On the other hand, it is relatively easier to enter the guanxi network, which means entry, R entry , into the guanxi network will increase and the potential network scale is bigger (Granovetter 1985; Kreiser et al. 2013) . From the questionnaire survey, we get:
As entrepreneurial companies continue to grow, the differences in the guanxi members' level of learning, growth and adaptability will also lead to differences in the companies' life cycle, C lifecycle , (Haggerty and Haggerty 2011; . The reliance on guanxi will therefore fade (McNally 2011) and some guanxi members will leave or be eliminated from the entrepreneurial companies' core guanxi network (Cantner and Graf 2006; Haggerty and Haggerty 2011) , which is indicated by the exit factor, R exit . Therefore, we get:
The increment of guanxi scale that is converted into an entrepreneurial company's guanxi network will derive from the potential social network (Evald and Bager 2008; Chen 2011) . But not all potential guanxi members can become actual ones with a positive relevant relationship to the transformation rate, C transformation . Therefore, we get:
During entrepreneurial companies' development, many new members join, while some leave (Parker, 2008) . Therefore, it's obvious that:
The increment of structure compactness in an entrepreneurial company's guanxi network (indicated by the "clustering coefficient" R clustering ) is mainly affected by the distribution density of newly added members in the guanxi's current and potential scale (Casciaro 1998) . The scale of current guanxi members needs to take into account how effective members are, because some guanxi members lose their original value (indicated by the decay rate, C decay ), which makes the effective guanxi scale gradually shrink. Therefore we get:
The degree of guanxi strength also has a negative effect on entrepreneurial companies' guanxi structure, which results in distant ties and a loose degree of guanxi structure, R loose (Karra et al. 2006 ). The more weak ties or structural holes there are in an entrepreneurial company's guanxi network, the more scattered and looser its guanxi distribution will be (Granovetter 1985; Pitt et al. 2006) . There is some agreement in the literature that weak ties correspond to loose structures. Therefore we get:
During an entrepreneurial company's development, many members will enter into the core layer of the company's guanxi network, making the guanxi structure more compact (Fuller and Warren 2006) , while others will be eliminated from the core layer, making the guanxi structure looser. Therefore, it's obvious that:
As one of the important intangible capitals of entrepreneurial companies, guanxi can create value that cannot be replaced by economic capital. The newly added guanxi value of entrepreneurial companies (indicated by "average profit growth", R profit ) is determined by the increment of effective guanxi scale and the value-creation ability of an entrepreneurial company's guanxi network (Lerner et al. 1997; Lechner et al. 2006 ) (as indicated by the "value creation coefficient" C creation ). Therefore we get:
When certain functions and attributes no longer satisfy the constantly changing demands of the entrepreneurial companies, their value will weaken. This may even lead to a decrease in the value of the guanxi for the entrepreneurial companies or possibly negative values (Ferriani et al. 2009 ), since entrepreneurial companies must still sustain the corresponding costs, R cost (Arregle et al. 2013) , such as entertainment and giftgiving expenditures (Du et al. 2013 ). Therefore we get:
We have drawn a dynamics flowchart based on the above analysis to show the logical relationships between guanxi strength, guanxi scale, guanxi structure and guanxi value during entrepreneurial companies' development (Fig. 2) .
As can be seen in Fig. 2 , a variety of variables are included in the model: three level variables, six rate variables and five auxiliary variables (the details on these variables are shown in Appendix 2). In the study, we focus specifically on dynamic rules of guanxi strength, guanxi scale and guanxi structure of entrepreneurial companies. In addition, the dynamic relationships with sales based on guanxi are examined in greater detail. .
Findings
The time horizon for this model is from the beginning of the companies' entrepreneurial efforts to year 2030 and the simulation step is 0.5 years. Since the respondents were obviously established in different years and also started with entrepreneurship at different times, we designated 2013 as the base year for the simulation study. The constants in this model are the empirical values from the beginning of entrepreneurship to the end of 2012, which are shown in Table 1 . With this model, we were able to simulate evolutionary patterns in the guanxi of entrepreneurial companies operating in the pharmaceutical industry. 
Changes in the strength of the guanxi and its influence on entrepreneurial companies' development
The results of the system dynamics simulation (as shown in Fig. 3 ) reveal that during entrepreneurial companies' development, the strength of their guanxi decreases to a point just above 0.5, then remains unchanged for a short while, before dropping sharply and finally exhibiting a slowly decreasing trend. According to the evolution curve for guanxi strength shown in Fig. 3 , the longer the timespan, the lower the value of the entrepreneurial companies' guanxi strength. Chinese organizations often derive their business practices from several types of guanxi (McNally 2011; Troilo and Zhang 2012) , since strong, stable guanxi can compel a more effective implementation of contracts and reduce the risk of payment delinquency and business disputes . When the guanxi is particularly powerful, however, it can easily trigger unethical action. We must therefore impose strict business principles on the use of guanxi ) and even attempt to consciously reduce its strength. What's more, it is obvious that as the scale of a entrepreneurial company's guanxi increases incrementally, the roles of its guanxi members become more complex and the time and opportunity that each member has for interacting with the entrepreneurial company decrease, hence reducing the strength of the guanxi. It is for these reasons that guanxi strength shows a decreasing trend in Fig. 3 . Figure 4 reflects the dynamic rule of how guanxi strength influences entrepreneurial companies' sales during their development process. According to Fig. 4 , we know that in the first stage, guanxi strength gradually decreases until it reaches a point slightly above 0.5, and the entrepreneurial companies' sales continue to increase incrementally. In the second stage, guanxi strength remains at a point slightly higher than 0.5, but the entrepreneurial companies' sales show a linear increase, which can be attributed to the "rigid characteristics" of guanxi strength. In the third stage, guanxi strength starts to decline more gradually. Similarly, the entrepreneurial companies' sales also start to decrease, but the final sales are basically equal to the sales when the entrepreneurial companies' guanxi strength attained its highest point in the first stage. And here we should mention that the three stages discussed above correspond to the three Fig. 3 Changes in guanxi strength during entrepreneurial companies' development evolutionary stages of entrepreneurial companies' guanxi strength in Fig. 3 . Integrating the results of Figs. 3 and 4, we can draw the following conclusion: From a long-term perspective, guanxi strength shows a decreasing trend and also positively influences entrepreneurial companies' development, but in the short term, it possesses rigid characteristics. This therefore supports Hypothesis 1a and Hypothesis 1b.
With regard to the dynamic relationships between guanxi strength and the development of entrepreneurial companies, the main conclusion we reached is that as guanxi strength continues to decline over time, the value it creates (represented as sales) also decreases (as shown in Fig. 4) . From the perspective of the pressures placed on guanxi strength, entrepreneurial companies need strong guanxi to reduce the costs of company establishment during the early stages (Kreiser et al. 2013) , especially in an absent or irregular regulatory environment, since to promote development they must depend on the high level of trust and interpersonal reciprocal obligations inherent to strong guanxi. This dependence on strong ties gradually decreases, however, as the companies become stronger, a rules-based and impersonalized transaction structure takes shape and they accumulate experience (Arregle et al. 2013) .
From the perspective of long tail economics (Anderson 2004) , although the value created for entrepreneurial companies by weak guanxi or guanxi during certain periods is not very high, it can definitely become equal to or even bigger than strong guanxi after being integrated for a long period of time. Here, we take it a step further: when guanxi strength is reduced to a certain value, its influence on the entrepreneurial companies has rigid characteristics (as shown in Fig. 4) . In other words, the strength of the guanxi remains unchanged, but the sales based on guanxi continue to increase. When overall guanxi strength declines to a certain point, the quality of the relationships with strong guanxi members in the network will stand out (Semrau and Werner 2013) . These usually exist within the closest, tightest circles and can completely meet the resource demands of the entrepreneurial companies. Furthermore, the value created for the entrepreneurial companies increases incrementally.
Changes in guanxi scale and its influence on entrepreneurial companies' development
The results of the system dynamics simulation (as shown in Fig. 5 ) further reveal that during entrepreneurial companies' development, the scale of their guanxi constantly exhibits an increasing trend. As we can see from Fig. 5 , however, the slope of the Fig. 4 The changing role of guanxi strength in influencing entrepreneurial companies' development evolution curve gradually decreases, from which we can determine that the speed at which the entrepreneurial companies' guanxi scale grows gradually slows down.
Pre-existing guanxi members of entrepreneurial companies will publically promote the companies' prestige, brand, culture and so forth, thus attracting potential external members to the guanxi network. Meanwhile, the internal guanxi members will also introduce external members into the network. It is consequently inevitable that the scale of the entrepreneurial companies' guanxi will increase (as shown in Fig. 5) . Yu et al. (2013) think that entrepreneurial companies need to build guanxi continuously in order to assure long-term relationships with suppliers, manufacturers, distributors and customers. From this point of view, we can conclude that Yu et al. have proposed that guanxi scale is positively related to long-term value. Troilo and Zhang (2012) also think that "it seems logical for entrepreneurs to cultivate guanxi as much as possible in China, in order to protect themselves and to seek more equitable treatment by the state". The results of our research do not support these conclusions, since many types of guanxi that were once very useful for company development can not only gradually become useless, but also even have a braking effect on the development process (Arregle et al. 2013) . Figure 6 reflects the dynamic rule of how guanxi scale influences the sales of entrepreneurial companies during their development process. As we can see from Fig. 6 , when an entrepreneurial company's guanxi scale increases from the initial value to a certain critical value, the sales it creates reach a maximum. After that, the sales start to decrease and then reach a comparatively stable level, though the companies' guanxi scale remains an increasing trend. It is obvious that the scale of the guanxi of entrepreneurial companies will increase incrementally during their development process. However, only a certain scale can positively influence sales. What's more, in the final stage, the sales that the scale of guanxi can generate for entrepreneurial companies are basically constant. Integrating the results of Figs. 5 and 6, we can draw the following conclusion: From a long-term perspective, guanxi scale continues to increase, and when it is below a critical value, the development of the entrepreneurial companies correlates positively with the guanxi scale, whereas when it is above that critical value, it is not in correlation with the guanxi scale. This therefore supports Hypothesis 2a and Hypothesis 2b.
In the research concerning the effects of network size and relationship quality on access to start-up resources, Semrau and Werner (2013) concluded that a nascent entrepreneur's network scale has a positive, but concave, relationship to the start-up resources it secures. In the short term, our research results are similar to those of Semrau and Werner (2013) : that is, the increase in entrepreneurial companies' guanxi scale can impel increased sales based on guanxi, but marginal utility decreases. However, in the long term, the marginal utility of the guanxi scale remains valued at zero: that is, an increase in the scale of guanxi will not lead to an increase in sales based on guanxi. The main reason for this difference in results is the fact that our research objects differ from those of Semrau and Werner. Our research objects are entrepreneurial companies with many years of entrepreneurial experience rather than nascent entrepreneurs. Another reason is that although the value of some guanxi members gradually decreases until it disappears, newly entered guanxi members compensate for that loss and thus the value created by the overall guanxi scale remains constant (as shown in Fig. 6 ). As a result, when below the critical value, development correlates positively with guanxi scale; when above the critical value, it correlates negatively with guanxi scale, which ultimately maintains a constant value.
Changes in guanxi structure and its influence on entrepreneurial companies' development
The results of the system dynamics simulation (see Fig. 7 ), show that during the development of entrepreneurial companies, their guanxi structure increases in the short term, but not for long, and then started to gradually decrease. We can deduce from the slope of the decreasing evolution curve for guanxi structure in Fig. 7 that the decreasing speed of growth in the entrepreneurial companies' guanxi structure eventually tapers out. This therefore supports Hypothesis 3a. Figure 8 reflects the dynamic rule of how guanxi structure influences the sales of entrepreneurial companies during their development process. According to Fig. 8 , in the first stage, entrepreneurial companies' sales go up as guanxi structure increases; then, in the second stage, as guanxi structure gradually decreases, sales continue up for a while before dropping, in an upside-down U-shape. These two stages correspond to the evolution stages of the entrepreneurial companies' guanxi structure shown in Fig. 7 . By integrating the results from Figs. 7 and 8, we can draw the following conclusion: From a long-term perspective, guanxi structure goes up and then down, and the influence of guanxi structure on the development of entrepreneurial companies exhibits a U-shaped trend. This therefore supports Hypothesis 3b.
From the point of "chaxugeju" in China (a differential mode of association) (McNally 2011), there is inevitably an accepted hierarchy in the guanxi network. That is, it is unavoidable for some guanxi members to be located in close, at the core of the guanxi structure, while others are on the margins. This rule can be adopted for the guanxi structure of entrepreneurial companies, as well. As entrepreneurial companies develop, new guanxi members will continue to join their guanxi networks, bringing in new resources for them in the short term, thus increasing the density of the guanxi structure (as shown in Fig. 8 , which demonstrated that sales based on guanxi increase with guanxi structure). Meanwhile, the guanxi structure of the entrepreneurial companies continues to expand, but much of what the new guanxi members bring in are slack resources (Semrau and Werner 2013) . Accordingly, some guanxi members leave the core guanxi structure, which then starts to diminish (as shown in Fig. 7) . At this point, the sales corresponding to guanxi structure increase for a while and then start to decrease, exhibiting a U-shaped trend (as shown in Fig. 8) . Besides, when guanxi structures become dense, a strong sense of group identity and favoritism starts to emerge in the network. The efficacy of the guanxi therefore decreases and some types of guanxi can even start to produce negative effects, leading to a concomitant decrease in the sales corresponding to guanxi structure. 
Sensitivity analysis
In order to take the uncertainty surrounding the assumptions of the model into account a sensitivity analysis has been conducted. It should show the extent to which different variables affect the outcome of the model by entering a range of values for a particular variable while keeping all others constant. We examined the sensitivity of the variables for guanxi strength, guanxi scale, guanxi structure and sales based on guanxi with respect to the four constants in the model. (i.e. transformation rate, decay rate, life cycle and value creation coefficient). The sensitivity was analyzed by a variation based on a 10 % increase or decrease in the four constants. The results are shown in Appendix 3. As can be seen in Appendix 3, the variables for guanxi strength, guanxi scale and guanxi structure are sensitive to just one of the four constants; the variable for guanxi strength is sensitive to the constant for decay rate, the variable for guanxi scale to constant for transformation rate and the variable for guanxi structure to the constant for decay rate. In addition, the variable for sales based on Guanxi is not sensitive to any of the four constants.
Discussions
Theoretical contributions
Our research makes a number of theoretical and empirical contributions to the literature on entrepreneurial companies' guanxi. The existing research either does not specifically distinguish between the different attributes of guanxi Wright et al. 2008; Liao and Sohmen 2001) ,which include strength, scale and structure McNally 2011) and should be considered comprehensively, or covers only some of them. Therefore, it is very difficult to form a comparatively complete understanding of the entrepreneurial companies' guanxi. Besides, although prior studies have pointed out that the dynamic characteristics of guanxi, such as the rule that its structure and strength change over time, have been widely recognized in the academic literature as an interesting topic with regard to China and that the dynamic development of guanxi is influenced by a great variety of factors, such as institutional, strategic and organizational factors , the question of how guanxi evolves within the venture-building process has not yet been answered .
Based on the shortcomings outlined above, the main contributions of our paper can be described as follows: From a theoretical point of view, our research enriches the understanding of "guanxi" of entrepreneurial companies in China. The connotation of "guanxi" was defined from the dimensions of strength, scale and structure and the dynamic rules of "guanxi" were also summarized. In addition, the paper establishes the link between "guanxi" and the development of entrepreneurial companies more clearly, based on a comprehensive study of dynamic interaction rules between guanxi and other variables.
Empirically, prior studies that addressed the issue of how guanxi influences entrepreneurial companies' performance either adopted a qualitative case study methodology McNally 2011) or used structural equation modes (Yang and Jiang 2010) or regression models Zolin et al. 2011; Boso et al. 2013; Arribas et al. 2012) . Although these researchers explored the effects of guanxi on entrepreneurial companies' development, they failed to depict how guanxi changes over time or how it dynamically influences development through its different attributes. Therefore, another important contribution of our research is that it furthers the understanding of the role of guanxi in influencing entrepreneurial companies' development, based on prior research Yang and Jiang 2010; Troilo and Zhang 2012; McNally 2011; Liao and Sohmen 2001; Arribas et al. 2012; Puffer et al. 2010; Semrau and Werner 2013; Lockett et al. 2006; Karra et al. 2006) , by highlighting the comprehensive attributes of guanxi and their dynamics, interactions and effects.
Management implications
In emerging countries, business support systems are very weak and commercial laws and regulations cannot be formulated and implemented effectively. It is uncertain whether entrepreneurial companies can achieve success if they depend solely on market information and formal contracts, and they must therefore rely on guanxi to compensate for institutional paucities (De Clercq et al. 2010; Boso et al. 2013 ) and improve entrepreneurial efficiency. But guanxi is not a panacea for entrepreneurial activities in China, and for it to function well, it needs to be paired with institutional, strategic and organizational attributes . Hence, in the long term, guanxi is necessary but insufficient for the development of entrepreneurial companies (Yeung and Tung 1996; .
Given this, entrepreneurial companies in China must consciously build, develop and maintain all kinds of guanxi, but should not depend exclusively on it. In other words, we hope that entrepreneurial companies in China are not all "guanxi qiye". Chinese companies can benefit from guanxi in the process of entrepreneurship, just like people sailing on the sea benefit from a boat or people get eggs from hens, achieving a lot by doing a little. However, entrepreneurial companies must also possess the primary foundations and potential core advantages provided by technology, human resources, professional management, a flexible corporate culture.
Guanxi is not only very important in China, but also widely distributed around the world through the Chinese Diaspora. have shown that a guanxi network based on trust, satisfaction and commitment enhances the performance of entrepreneurial companies. A guanxi network is built up by the Chinese diaspora to achieve a higher firm performance. Based on guanxi strength, guanxi scale and guanxi structure a superior firm performance should be achieved Semrau and Werner 2013; Yang and Jiang 2010) . According to Kelley et al. (2013) , a key challenge for many companies, including firms of the Chinese diaspora, is that they are depending excessively on the guanxi network. For instance, they might aggressively pursue guanxi strength, guanxi scale and guanxi structure. Therefore, following the specific rules while constructing and utilizing guanxi, might be the only way for Chinese diaspora to establish the business. However, guanxi networks are not influenced by a single factor (Klyver et al. 2008 ), but by many factors, such as cultural diversity. In addition, the effects of guanxi on entrepreneurial companies are most evident in terms of market exploitation that results in influencing sales performance positively and directly (Lau and Bruton 2011) or has a moderating effect by influencing the relationship among firm strategies, entrepreneurial orientation, market orientation and sales (Stam and Elfring 2006; Boso et al. 2013) , thus indirectly promoting entrepreneurial companies' sales growth. Therefore, in the process of using guanxi to promote the development of entrepreneurial companies, we should analyze guanxi according to the circumstances and adopt different guanxi practices to accommodate the diversity of cultures, development phases, strategic orientations and so on, on the basis of which we can make dynamic judgments and choices about guanxi strength, scale and structure, hence effectively exerting the integrated power of guanxi.
Limitations and suggestions for future research Young and old firms have different requirements with regard to guanxi: the former use guanxi intensively, while the latter use it extensively . In our research, focused on the variables of system dynamics models, we tried to investigate entrepreneurial companies of different ages in Chinese pharmaceutical industry in order to obtain an average for the whole industry. Therefore, we did not specifically distinguish between the attributes of guanxi among young and old firms and how they influence the development of entrepreneurial companies.
Building guanxi is an important step for starting a business ). Entrepreneurial companies can either establish guanxi first and then start the business or start the business and establish guanxi at the same time. Our system dynamics models were established without taking into consideration the sequence relationships in the initial stages (i.e., establishing guanxi first or starting a business first).
The construction and maintenance of guanxi place simultaneous demands in terms of moral restraints (e.g., "mianzi" and "jiaoqing") and rule restraints (e.g., formal contracts) (Yang and Jiang 2010) . In our research, the guanxi established between entrepreneurial companies in the pharmaceutical industry and hospitals (including prescribing doctors), drug stores (including medical practitioners) and so on includes moral and rule restraints. Under these two kinds of constraints, the rules for how different attributes of guanxi dynamically influence the development of entrepreneurial companies requires further research.
We think that the construction and application of "guanxi" positively contribute to the development of Chinese companies (Yang and Jiang 2010) . However, further research has to demonstrate whether this theory can be adapted to other countries. In this context we recommend that future researchers should employ empirical and theoretical studies to explore "guanxi" in more detail.
Despite the limitations mentioned above, we believe that the results of our research contribute to a more comprehensive understanding of entrepreneurial companies' guanxi and proper recognition of how guanxi dynamically influences entrepreneurial companies. In the pharmaceutical industry in China, large-scale enterprises are those whose turnover is more than 400 millionaire RMB; medium-sized enterprises are those whose turnover is between 20 and 400 millionaire RMB; and small-sized enterprises are those whose turnover is between 3 and 20 millionaire RMB Fig. 10 Sensitivity analysis between guanxi strength and transformation rate Fig. 11 Sensitivity analysis of the correlation between sales based on guanxi and guanxi strength on decay rate Fig. 12 Sensitivity analysis between guanxi strength and decay rate 
